A behavioral and physiological technique has been developed for study of complex group interactions in a simplified laboratory setting. An experimental 3-person "guessing game" was devised in order to bring group behavior under manipulation by reinforcement techniques. Nine men and 15 women participated in one individual and five group situations. The number of initiations made by each subject and the basal level galvanic skin potential, sampled at 1-min. intervals, were recorded simultaneously throughout each 40-min. experimental period. A method was devised to relate physiological and behavioral responses over comparable time periods.
recently by Grobstein.' In psychosomatic research, Alexander 1 and Deutsch 5 have stressed the value of a multilevel approach.
The present study represents an attempt to develop and apply a simultaneous behavioral and physiological approach to the study of group interaction.
The behavioral techniques used were developed for studies of complex verbal and behavioral interaction in 3-person groups by Levin, 14 Levin and Shapiro, 15 and Shapiro. 24 The basic concept in this approach is the modification of social responses by manipulation of reinforcement, where "success and failure" are dependent on the specific behavioral acts of individuals in a group task.
The physiological technique employed in this study derives from research on the galvanic skin potential response (Leiderman et al. 12 ). The use of basal level measures, as suggested by Schlosberg, 23 Malmo, 18 and Levy et al., 19 in contrast to the more traditional use of specific re-sponse measures, has become feasible with the development of DC electronic devices which yield relatively artifactfree data. Basal level skin potential as an easily measured physiological variable introduces the possibility of quantifying changes in motivational state under different conditions of success and failure. Such changes may be recorded independently of the behavioral acts associated with the interaction process.
Psychophysiological research on social behavior of man is of recent origin. Kaplan and Bloom 10 have reviewed some of the studies in this area. However, experimental psychophysiological studies of group interaction are almost nonexistent. Riddle 2 -observed a series of poker games in which six students wore rubber stethograph tubes to provide measures of bodily excitement and physical retardation. Thelen 2 "' recorded galvanic skin response (GSR) and pulse rate during group interaction. Edelberg et a/. 8 studied groups of medical students using GSR techniques. There have been a number of studies-3 " 1!) 21 of 2-person interaction utilizing physiological measures. Lacey 11 has reviewed these studies and concluded that "transactional" influences on autonomic activity should be given greater emphasis.
Our approach to psychophysiological research on social behavior differs from most previous work in two important respects. First, the social setting is carefully standardized and controlled so that we can study changes in group interaction as they occur over time. Specifically, we examine the effects of success and failure on how people take initiative in achieving a group decision and how changes in initiation are related to changes in basal galvanic skin potential (GSP).
Second, we record continuous basal levels of physiological response during an entire experimental session in order to compare them with behavior during the same time periods. This eliminates the necessity of defining the adequate stimulus-response relationships in the complex situation of a group interaction. It allows physiological responses to be considered as indices of successive states of the organism rather than as simple reaction tendencies.
With these general considerations in mind, we pose the following questions:
1. What are the effects of different conditions of reinforcement on group interaction and physiological response?
2. What is the relationship between socially controlled behavioral acts and independently measured physiological responses?
Two subquestions, the answers to which will help us evaluate the usefulness of a multilevel approach to the study of behavior are:
1. Do physiological measures contribute to an understanding of social interaction?
2. Do standardized social situations contribute to an understanding of the psychophysiology of the individual?
Methods

Setting and Subjects
The experiments were conducted at the Massachusetts Mental Health Center, either in the morning or the afternoon, during the spring and fall of the year.
Nine men and 15 women were the subjects. Each appeared individually and in a 3-person, same-sex group. The men were college students in liberal arts; 8 were in the age range 18-21 and one was 25. Three of the women were college students; 12 were third-year student nurses. All women were in the age range 18-21. In the selection of college subjects, psychology and science majors were excluded. Subjects were paid $1.50 per hour at the end of the entire series of six sessions. The subjects were told they were participating in a study of group learning. No one dropped out or missed any sessions.
Experimental Procedure
The experimental task consisted of a "contrived game," played by either one or three subjects. Subjects were told they were to guess the order of colors on a list in the possession of the experimenter. A guess was made by pressing one of six buttons on a control box in front of each subject Each button lighted a different bulb, one of six corresponding to the color selected, as shown in a panel of lights placed in the center of the table around which the subjects were seated. For a group of subjects, all 3 had to select and press the same button simultaneously for the light to go on. When one subject was being tested, a single control box was used.
The subjects were brought into the experimental room by a female laboratory technician who attached GSP electrodes on the thenar eminence of the left palm and on the dorsal surface of the left forearm, approximately 20 cm. apart. Subjects used their right hands to press buttons. After an initial 15-min. rest period, the following instructions were read by the male experimenter. Similar instructions were read for the individual situations.
"Now we want you to take part in a guessing game. This is how it works. In the other room I have a long list of colors written down, and you have to guess each color on my list and try to get as many right as possible.
"Your job is to talk it over with each other and decide what the color is each time. As you do, please discuss how you arrived at your decision, and also name the color you are going to choose for each guess. Speak distincUy so that you can be understood. As soon as all three of you agree on a color, you stop talking and turn on the light by pressing the button of the color on the box in front of you. All three buttons have to be down for the light to go on. You keep the light on until you find out whether you guessed right or wrong. If you guessed right, you will hear a sound like this [ The tone or buzzer was sounded 5 sec. after a decision was signalled by the subjects. The tone, the positive reinforcement, was pleasant, while the buzzer, the negative reinforcement, was unpleasant. The Ioudness of each was 72 decibels. The sounds lasted 1.5 sec. 
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Experimental Design
The experimental design is shown in Table  1 . Each subject was first run individually and then participated in five 3-person group situations, each under different reinforcement conditions. The time between sessions varied from 1 to 5 days. The subjects in the 3-person groups were designated A, B, and C. They were seated at random and maintained the same seat arrangements for all sessions.
A random reinforcement schedule ( Table  2 ) was in force in the individual session and also in the first and last group situation. Random reinforcement is defined as reward presented on a predetermined schedule unrelated to the behavioral acts of the individual or group. The changing random rate (1:6, 1:3, 2:3, 1:6) was an attempt to simulate initial "chance" success, followed by increasing reward, and finally by a period of failure.
The Reinforced Behavior Schedule (Table  2 ) was used during the second, third, and fourth group situations. During each one of 149 these sessions a particular subject, determined in advance by the experimenter, was designated the Favorite, the other two as Nonfavorites. When the Favorite initiated a color guess verbally which the group accepted, a positive reinforcement was given. Negative reinforcements were given for initiations made by designated nonfavorite subjects. As shown in Table  1 , each subject was the Favorite once and Nonfavorite twice. For the total sample the order of these situations was balanced. Figure 1 shows an example of the data collected for a single subject during one session. The rate at which initiations occurred was free to vary according to the individual or to the group. As indicated, initiation responses were either positively or negatively reinforced depending on the schedule.
Initiations
In the individual condition, the behavioral index was the total number of guesses made by a subject in the 40-min. game period. In the
Data collected for one subject during one session. Positive, and negative reinforcement of responses are indicated by + and -signs.
VOL XXV, NO. 2, 1963
group conditions, the behavioral index was the total number of times a subject initiated a color guess verbally which the group agreed upon as its decision. Initiations as defined here are therefore a measure of the group's interaction.
Galvanic Skin Potential
Galvanic skin potential, measured as a DC level, is the difference in potential between an active and an inactive sweat area. Since specific responses measured by resistance or potential techniques were reported in earlier research (McCleary 17 ), we first examined the relationship of these specific responses to positive and negative reinforcement. Data from several subjects obtained in individual and group sessions were used to determine the maximum GSP specific response occurring within 10 sec. after each reinforcement. Comparing these responses over the entire session for reinforced versus nonreinforced trials, we found no difference in their distribution.* Since the magnitude of the specific responses was not associated with reinforcement, we felt more confident in turning to the continuouslyvarying physiological data. In order to help decide on an appropriate sampling rate, averages of 30 samples per minute were compared with a single sample per minute. Differences between the average of 30 samples and the reading of one sample at each minute interval ranged from 0 to 4.6 mv, with a mean of 1 mv and a median of less than 1 mv. Because 1 mv is the approximate error of the dynagraph readings of GSP, the simpler procedure of sampling one reading per minute was adopted. Data processing was greatly reduced while still permitting us to obtain a picture of the changing level over the entire experiment of 40 min.f Four major statistics were used in analyzing GSP data, as shown in Fig. 1 . The conventional statistics, mean (X) and variance (s 2 ), describe the over-all central tendency and variability around it of the continuous basal level. From inspection of the skin potential curves it appeared that variance did not adequately represent differences in variability because the mean basal level was also changing. A more 'These data and associated problems of sampling rates will be described elsewhere. fEquipment is being developed which will allow us to convert continuous analogical data into digital form at different sampling rates (Tursky et al. ). The time characteristics of the parameters can then be studied in detail.
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appropriate statistic which does take into consideration the changing mean is the Mean Square Successive Difference (S 2 ) described by von Neumann et al. 21 in 1941. This was computed by averaging the squared deviation between successive 1-min. readings over the total 40 min. of experimental time." 13 The ratio of the Mean Square Successive Difference to the variance (J 2 /* 2 ) defines the variability of GSP around a changing mean level as compared to the variability around a fixed mean level. This ratio is mathematically equivalent to the successive variability for GSP scores standardized for variance. The standardization of each sample was based on the individual's own variance (s 2 ) for the 40 experimental points. Therefore, we define the S' J /s 2 ratio as a measure of the variability of the standardized continuously-varying function, GSP.f
Analysis of Sex and Condition Effects
The data obtained from each subject in five group situations were analyzed according to sex and to four reinforcement conditions: Random Reinforcementj, Favorite, Nonfavorite, Random Reinforcement^. The Nonfavorite scores were derived by averaging the results for the two Nonfavorite situations for each subject.
Mean values of the total number of initiations and of the four statistics describing GSP basal level were computed and compared. The statistical significance of differences between conditions and between sexes were evaluated by nonparametric tests. The Cochran Q test was used to evaluate the effects of different reinforcement conditions. This was done by dichotomizing the scores obtained for each subject in the four group conditions into the two high and the two low and then testing the fre-*Data on the initial and final rest periods are not discussed in this paper. The initial 15 min. provided an opportunity for the subject to adapt to the situation and the final 15 min. served to delay large shifts in level related to the subject's expectations of the end of the experiment.
fThe statistic J z /» 2 also provides a test for randomness or trend in a set of observations. In almost all cases reported in this paper, GSP basal levels showed statistically significant trends. The statistic also bears a linear relationship to the autocorrelation (B) between GSP basal level at time (i) and time (i+1) for successive readings. 4 It can be shown that S'/s 1 is approximately equal to 2 (1-R), where R is the autocorrelation.
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quency of highs and lows across the conditions. The Mann-Whitney test was used to compare the scores of men with those for women subjects in any one condition. The use of these less powerful techniques is required because we do not as yet know the scale and distribution characteristics of the measures. More powerful statistical tests may be warranted as experience with these measures is gained.
Laboratory and Recording Equipment
The laboratory used is a 9 X 13-ft. lightcontrolled, sound-attenuated, temperaturecontrolled room. Behavior was observed from behind a one-way screen in an adjacent room. Physiological responses were recorded on an eight-channel Offner Type R transistorized dynagraph which marked reinforcements when they were given. The Type R dynagraph lends itself readily to the study of changes in basal potential levels since the DC drift is essentially zero, and noise level is less than 5 /iv, thus insuring a high degree of fidelity in recording. The silver-silver chloride sponge electrodes used for measuring GSP were those developed by D. N. O'Connell. 20 They are highly stable, easily standardized, and nonpolarizable under the conditions of the experiment.
Results
All of the subjects who started the procedure completed it. Interest in the game remained generally high, although it tended to fall off for some subjects toward the end of the series of sessions. Subjects varied widely in their approach to the task. Some thought they could find a pattern by testing out different hypotheses. Others were inclined to be intuitive, concentrating on the colors as such or on their associations to the colors. Whether the approach was objective or subjective, it was interesting to observe the complex reasons that were offered for making specific guesses, even where the feedback was random information.
On occasions discussions became so intense as to almost reach the point of argument. On other occasions, subjects were somewhat indifferent and would comply with any suggestion. These reactions during the situation were seen in varying degrees in all the groups.
Summaries of results on initiations and GSP are presented in Tables 3 and 4 , and in Fig. 2 . Men and women made a larger number of initiations in the Favorite condition when compared to their behavior in the first Random Reinforcement condition. This effect was consistent for 13 of 15 women and 7 of 9 men. The increase in number of initiations for women was greater than for men. Women made significantly more initiations than men in the Favorite condition (p <.O5). It would appear that women 'learned" or at least "complied" more successfully with the requirements of the situation. The Cochran Q Test (Tables 3 and 4) discloses that the differences in number of initiations across all conditions are statistically significant for women but not for men. The direction of change (i.e., increase for both groups under conditions of positive reinforcement) between Favorite and Nonfavorite conditions was consistent for 14 of 15 women and 6 of 9 men.
As for the GSP data, Tables 3 and 4 show that mean level (X) was higher for men and lower for women in the Favorite condition when compared to all other conditions. This rather unusual finding, that is, a completely opposite direction of change in X for men and women under conditions of positive reinforcement, held for 8 of 9 men and 10 of 15 women in comparing Favorite and Nonfavorite conditions. Despite the strong trend in direction of change between Favorite and Nonfavorite conditions, the Cochran Q Test for the group across all conditions is at the .10 level for men and at the .50 level for women. Differences in mean GSP level between men and women in the Favorite condition are at the .10 level.
The variability measure demonstrates even more striking sex differences. The S 2 /* 2 is lowest for men and highest for women in the Favorite condition, when compared to all other conditions. Differences in S 2 /.^ between conditions are significant at less than the .05 level for both men and women (Tables 3 and 4) , and the difference between men and women under the Favorite condition is significant at the .02 level.
The results above show that men and women responded in opposite directions in GSP basal level under the same conditions of reinforcement in a social setting. This finding is statistically significant for variability of GSP (S 2 /* 2 ) and only suggestive for mean GSP level (X).
As to the other measures of GSP variability, B 2 and s 2 , Tables 3 and 4 show that they also reflect differences between conditions for men and women. Promising though these measures of variability may be, we will confine the remaining discussion of results to X and S 2 /* 2 in order to simplify the presentation.
To look further into sex differences in physiological response under different conditions of reinforcement, male and female subjects were matched on X GSP obtained in the individual situation. We then compared the difference between the Favorite and Nonfavorite conditions for men and for women on the same measure. Of the nine pairs matched in this wav, seven of the men showed a higher level in the Favorite condition, while seven women showed a lower level. Of the six unmatched women, four responded similarly to those who were matched.
The same analysis was done for S 2 /* 2 . Seven of eight men in the matched pairs showed a decrease in variability, while six of eight women showed an increase in variability in the Favorite condition. The eight unmatched subjects responded about the same as the matched subjects.
The increase in basal level and the decrease in variability of GSP for men, and the opposite finding for women, cannot be accounted for by the scores recorded for the individual in his initial session. Thus we conclude that the opposite direction of changes for men and women in the Favorite condition can be attributed to sex differences in this experimental situation.
There is another question concerning the physiological measure which should be asked: What is the relationship between X and S 2 /* 2 ? Rank-order correlations were computed between these two measures across subjects within each condition for men and women separately. Of 10 rank-order correlations of the five conditions, two are significant at the .05 level, and the others are either low negative or low positive, suggesting that the relationship between these measures, if any, is not a simple one. Therefore, opposite trends for men and women in the Favorite condition for X and ir/s 2 cannot be accounted for by the interrelationship of the two scores.
We next examined the relationship between initiations and GSP. The rankorder correlation between initiations and X GSP was low, as was the correlation between initiations and S 2 /* 2 GSP for both men and women. 
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Discussion A behavioral and physiological approach has been developed whereby complex social phenomena can be studied experimentally in a laboratory setting. Although the experimental method has emphasized very simple behavioral and physiological variables, for the present ignoring more complex feeling states and perceptual variables, we believe that the reinforcement technique may have applicability for the study of more complex behaviors than those reported in this paper.
We raise a general question at this point: What is the value of controlled social conditions for psychophysiological research and what is the value of psychophysiological measures for studies of group interaction? Our behavioral techniques were standardized so that the galvanic skin response could be assessed in a reasonably well-defined social situation. Since man exists in a structured social environment, this procedure had the further advantage, as far as physiological study is concerned, of reducing the effects of isolating subjects or of permitting unstandardized social relationships to develop in the laboratory. The effect of controlling the social situation on physiology is hinted at by the clarity of certain of the results, especially for S 2 /* 2 . We therefore believe that the technique of this study-that is, control of the social situation in studying physiological measures-may deserve greater consideration in future psychophysiological research.
The usefulness of physiological techniques for small-group research is harder to evaluate. It is obvious that social situations act on both the group and the individual. In assessing the individual's responses, it may be important to examine both overt behavior as well as covert responses. The findings of this study suggest that behavioral and physiological effects may not be consistent within the individual under conditions of reinforced "social learning." If this finding proves to be general, then we conclude that a multilevel analysis of individual and group behavior may provide a better basis for theory construction in social psychology.
In applying a behavioral and physiological approach to the study of group interaction, we have learned that responses vary differently for men and women depending on the conditions of social reinforcement. The male-female sex differences were a surprising by-product of the study. Differences in skin potential in response to reinforcement may possibly reflect the greater involvement of male subjects in task-oriented situations. Men accept the game as a challenge, in which they desire to do well. In contrast, women appear to comply, go along with the experimenter, accepting the "requirements" of the situation. This can be seen in their behavioral responses. The women had more initiations than the men in the Favorite condition, although their physiological response (GSP) was lower and more variable.
Another possible explanation for the male-female differences may be that women are more comfortable in a group setting where all are sharing more equitably the rewards. When one is made the favorite, she might tend to withdraw from the situation, at the same time becoming more uncomfortable. In contrast, men may find taking the initiative more appealing, and hence may be most uncomfortable when embedded in a group sharing the reward, and most comfortable when made the favorite.
The possible effect of a male experimenter should be considered. We standardized the procedure by using one experimenter throughout the study. It is possible that the reaction of women to a male experimenter differs from that of men, though it is difficult to conceive that this effect would operate in some differential manner in Favorite and Nonfavor-ite situations. We are presently exploring this possibility in a controlled study.
The effect of the reinforcement sounds might be different for men and women and thus account for the results. This explanation is unlikely, since the reinforcement sound was presented in the room to the entire group, not merely to the single Favorite subject. The positive or negative reinforcement was given for an interaction behavior, determined by the initiation of one subject who could persuade two other subjects to agree with him on the color to be chosen. Neither can the findings be accounted for by the relationship of motor acts to GSP response. Each member of the group had to make a response each time, so the total number of motor acts was the same for each subject in a given session. Only the number of initiations differed between subjects. Furthermore the relationship between initiations and GSP was low. We must conclude at this point that the sex differences and condition differences are due to something within the experiment, either the difference in response of men and women to reward in a group setting, or less likely, to the response by subjects to a male experimenter.
Several methodological and theoretical issues raised by this research need emphasis. The first issue concerns data reduction and processing. The analysis of a continuously changing basal level presents two major problems-that of determining the optimal sampling rate and that of statistical description of variability. Our solution to the problem of sampling was to sample at a frequency which would give us the necessary number of observations for statistical purposes, while reducing the "noise" involved with more rapidly occurring responses. Whether the sampling rate of one per minute proves to be optimal must await future research.
Our solution to the problem of variability was to use a statistic, S level is changing over time. This variability statistic has proved to be one of the most useful measures in the study, differentiating both sexes and conditions. As such, it has been more discriminating than either mean level, S 2 , or s 3 , alone. A second issue concerns the relationship of the behavioral and physiological measures. GSR has been linked to the reticular activating system in a series of studies by Wang. 29 ' 30 This relationship of the GSR to the reticular activating system implies that it may be one index of activation. Voronin and Sokolov 28 have shown that galvanic skin response is associated with alpha blockade under auditory and visual stimulation, which further supports the contention that GSP may be related to activation.
The nature of the relationship of levels of activation to behavior still remains a central problem. The data of this studv indicate that reinforced behavioral acts are associated with oppositely changing physiological response in two groups of individuals, male and female. This finding suggests that simple drive-reduction theory of reinforcement may not be adequate to account for the changes of behavior observed. If the link between GSP basal level and activation proves to be valid, then many additional opportunities for research in motivation, learning, and emotion become amenable to experimental manipulation. The importance of a link between activation and behavior has been stressed by Duffy, 7 Schlosberg, 23 and Malmo.
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Summary and Conclusions A behavioral and physiological technique has been developed in order to study complex group interactions in a simplified laboratory setting. An experimental 3-person "guessing game" was devised in order to bring group behavior under manipulation by reinforcement techniques. "Initiation" roles were estab-lished by rewarding the group for verbal responses of the initiator of a group decision. Nine men and 15 women participated in one individual and five group situations. The number of initiations made by each subject and the basal level galvanic skin potential, sampled at 1-min. intervals, were recorded simultaneously throughout each 40-min. experimental period. A method was devised to relate physiological and behavioral responses over comparable time periods. The data analyzed for each condition were total number of initiations, and mean and variability of the galvanic skin potential basal level. As a measure of variability, where the basal level is continuously changing, a statistic new to psychophysiological research, the Mean Square Successive Difference Ratio, was introduced.
The following conclusions can be drawn from the findings:
1. Interactions in 3-person groups can be manipulated by changing the conditions of reinforcement.
2. Different reinforcement conditions produce changes in a physiological measure, galvanic skin potential basal level.
3. Under conditions of 'learning to initiate decisions," men show an increase in mean basal level galvanic skin potential and a decrease in variability of the galvanic skin potential.
4. Under conditions of "learning to initiate decisions," women show a decrease in mean basal level galvanic skin potential and an increase in variability of the galvanic skin potential.
5. Behavioral and galvanic skin potential responses do not vary together for the individual. Both measures are necessary in evaluating the eflFects of reinforcement on social interaction. The simultaneous recording of responses from two different levels yields fruitful results for social psychological as well as psychophysiological research.
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